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By
Aimee L. Henkle
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Master of Business Administration and
Master of Science in Electrical Engineering
ABSTRACT
The work for this thesis was performed at Honeywell in the Automation and Control Solutions
(ACS) division. The project focuses on ACS's manufacturing strategy regarding its global
supply chain design, primarily discussing the manufacturing growth opportunities available in
emerging regions.
Honeywell ACS's current methodology for the development of a long-term manufacturing
strategy is based on growth and total cost reduction objectives. In order to comprehend the total
cost of the manufacturing strategy, considerations such as inventory, logistics and duties,
outsourcing and material sourcing are evaluated. The project also considers a factory's
geographical location and ACS's year-by-year implementation plan.
An outcome of this Honeywell project and the basis of this thesis is the development of a general
supply chain design and optimization methodology that utilizes three analytical tools (Country
Selection Framework, Total Cost Model and Implementation Plan Process) that are capable of
validating the supply chain design of any company.
The analytical tools can be used to verify key strategic supply chain decisions or to create a
baseline manufacturing strategy. The following results can be determined using this supply chain
design methodology.
" Determine an appropriate operating region for current or future business needs.
" Evaluate the feasibility of factory relocation projects by considering all relevant costs.
" Evaluate the cost implications of the supply chain structure by considering logistics,
inventory and material sourcing costs.
" Understand the impact of outsourcing on the manufacturing strategy.
" Recommend a year-by-year implementation plan in the case of multiple projects and
limited capital resources.
Thesis Supervisors:
Thomas Roemer, Assistant Professor, Sloan School of Management
Alvin Drake, Professor, Department of Electrical Engineering and Computer Science
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1 INTRODUCTION
This thesis is the result of a joint effort between Honeywell Automation and Control Solutions
(ACS) and the MIT Leaders for Manufacturing (LFM) Program. The data collection and research
for this thesis was obtained through the ACS Global Transitions Team. The objective of this
work is to develop a methodology that Honeywell ACS can use to evaluate the financial and
long-term strategic impact of their manufacturing strategy now and in the future, primarily
addressing the presence of manufacturing facilities in emerging regions.
This thesis is broken into several chapters. Chapter 1 is a look at the company, Honeywell, and
the Automation and Control Solutions (ACS) business unit. Chapter 2 reviews the problem
statement and project overview. Chapter 3 discusses the first analytical tool, the country
selection framework, and how it can be used to determine the potential geographical locations
for a factory depending on a company's business need. Chapter 4 outlines the second analytical
tool, the total cost model, which helps to determine all relevant costs associated with transition'
projects. Chapter 5 describes the last analytical tool, the implementation plan process, and how it
utilizes a capital rationing model in order to create a year-by-year strategy. Chapter 6 is a
summary of the findings of this thesis.
1.1 Honeywell Overview
Honeywell is an international company with $23 billion in sales in 2003 and is comprised of four
main business units: Aerospace, Automation and Control Solutions (ACS), Specialty Materials
and Transportation and Power Systems (TPS). ACS is the second largest business unit within
1 Transition refers to the relocation of a manufacturing facility.
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Honeywell behind Aerospace with revenues of $7.5 billion, accounting for 32.6% of
Honeywell's business (see Figure 1).
Figure 1: Honeywell's Revenue by Business
2003 Sales
Specialty - Aerospace$3.2B
$7.58
Automation -
and Control Solutions Transportation
Systems
1.2 Automation and Control Solutions Overview
Honeywell ACS is comprised of three strategic business units (SBU): Service, Automation and
Control Products (ACP) and Industry Solutions. The ACS manufacturing strategy focuses mostly
on the ACP SBU; therefore this thesis will discuss this SBU only. Within ACP, there are 6
strategic business entities (SBE).
e Fire Solutions: The Fire Solutions group is a leading manufacturer of commercial fire
alarm systems and advanced smoke detection products. Leading brands include
12
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NOTIFIER, Fire Control Instruments, Fire-Lite Alarms, Silent Knight, System Sensor
and Gamewell.
* Security: The security division, also known as ADEMCO, is a leading manufacturer of
alarm, access control and video surveillance products and systems that are used to protect
lives and property in residential, commercial and industrial installations throughout the
world. The security division partners with ADI to distribute its products globally.
* Environmental Combustion and Control (ECC): ECC products control environmental
factors such as temperature, humidity and air quality in homes and commercial buildings
and control original equipment manufacturers (OEM) HVAC equipment. Major
customers include homeowners and business consumers.
* Sensing and Control (S&C): S&C is one of the world's leading suppliers of sensors,
switches and other devices for a variety of OEM applications in automotive, aviation,
medical, information technology, consumer appliances and industrial businesses.
" Vertical Cavity Surface Emitting Laser (VCSEL): VCSEL is a new kind of
semiconductor laser that is having a dramatic influence in computing and networking,
sensing and other applications. This new technology is primarily impacting the
telecommunication industry. VCSEL is no longer a Honeywell business.
" Honeywell Sensor Systems (HSS): HSS, acquired from Invensys in August of 2002, is a
leading global supplier of sensors and controls used for various applications in the on and
off-road vehicle, appliance, office automation, medical, aerospace and HVAC industries.
HSS is now been integrated into the S&C division within Honeywell.
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1.3 ACS Manufacturing Strategy
The current methodology for developing the ACS manufacturing strategy is a process done
yearly called Strategic Plan (STRAP). As part of this process, a worldwide manufacturing
footprint2 and a manufacturing rationalization plan3 are devised. The ACS manufacturing
footprint, which dictates the strategic placement of facilities and their supply chain, currently
consists of over 60 factories throughout the world in 14 countries including the United States,
Mexico, Canada, United Kingdom, Germany, France, Italy, Switzerland, Netherlands, Hungary,
Czech Republic, Taiwan, Korea and China. The manufacturing rationalization plan outlines
which transition projects may be implemented in the future.
The project work at Honeywell focuses on three aspects of the current manufacturing strategy.
These three initiatives involve the factory transition, process outsourcing and emerging region
strategies.
1.3.1 Factory Transitions
The purpose of the factory transition initiative of the ACS manufacturing strategy is to reduce
total costs by redesigning the supply chain to achieve objectives such as more rapid customer
response and greater presence in emerging regions. A heuristic model previously used by
Honeywell ACS to improve supply chain design is to evaluate factories that have the greatest
labor savings potential.
- Footprint refers to the location of Honeywell's manufacturing facilities.
3 Manufacturing rationalization plan is a long-term strategy that outlines potential future transition projects.
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1.3.2 Process Outsourcing
The outsourcing strategy is based on identifying "non-core" processes and moving these
processes to external suppliers where possible and when financially viable. This will enable
future investments to be focused on Honeywell ACS's core competencies.
1.3.3 Emerging Region Locations
The emerging region initiative focuses on the development of the low labor cost regions of
Mexico, Eastern Europe and China. The goal is to promote manufacturing success in these low
labor cost regions as well as develop a supplier base for potential outsourcing and material
sourcing opportunities.
15
2 ACS MANUFACTURING STRATEGY PROJECT OVERVIEW
The goal of the ACS manufacturing strategy project is to provide strategy recommendations that
build on the existing STRAP and manufacturing rationalization plan by adding additional content
and details. Figure 2 below outlines the additional information that is evaluated as part of this
project. However, given the wide scope of the information needed, this project primarily focuses
on logistics, materials, supply chain and economic trends. These topics are focused on because
the initial research showed them to be the highest priority items requiring further definition.
Figure 2: Manufacturing Strategy Project Focus
Project Other Considerations
R ationa li::ation
Headcount Mfg Processes Current Strategy
Hourly Rates Projects in ProgressE l Floor Space
Materials Customers Product Life Cycle
forta 0on Logistics Supply Chain Economic Trends
Needed Overhead Global Products Cycle Times
Process Similarities Supplier Availability
2.1 Problem Statement
Honeywell ACS's current methodology for the development of a long-term manufacturing
strategy is based on growth and total cost reduction objectives. In order to comprehend the total
cost of their manufacturing strategy, considerations such as inventory, logistics and duties,
outsourcing and material sourcing are evaluated. The purpose of Honeywell's manufacturing
strategy project is to enhance the current methodology by placing greater emphasis on all
16
relevant costs, along with other supply chain design strategies, that may impact a transition
project's feasibility.
2.2 Deliverables
At the conclusion of this project the following outcomes are realized.
" Determine if and what type of costs may impact transition project feasibility.
" Determine if any projects on the current ACS manufacturing rationalization plan are
affected by these costs and are "flagged" for further analysis.
" Suggest alternatives to the current manufacturing strategy yearly implementation plan.
* Identify future high value saving opportunities.
0 Understand the cost implications of the current supply chain structure.
* Evaluate economic and political impacts of several emerging countries throughout the
world.
2.3 Approach
In order to achieve the expected outcomes of this project, a general methodology was developed
called the "Supply Chain Design and Optimization Methodology". The methodology is designed
to be used, not only by Honeywell, but also by other companies to evaluate the factory location
strategy of their supply chain design. It utilizes three analysis tools called the Country Selection
Framework, the Total Cost Model and the Implementation Plan Process.
The Country Selection Framework outlines a quantitative method for comparing countries based
on certain characteristics such as costs, business risks and workforce. The Total Cost Model
17
captures all of the relevant costs associated with a transition project and produces an NPV
analysis and investment cost estimate. The Implementation Plan Process creates a long-range
year-by-year project plan for instances where multiple projects are evaluated and yearly capital
rationing exists. The following chapters outline this methodology in detail and discuss how it is
applied at Honeywell.
18
3 COUNTRY SELECTION FRAMEWORK
What can the Country Selection Framework (CSF) tell a company about where to locate a
factory? This analytical tool uses critical macroeconomic and cost information to evaluate how
successful a company may be if it places a facility in a particular region. This tool can be tailored
to a company's particular business needs based on factors of costs, business risks and workforce
to measure its manufacturing capabilities in various countries around the world.
3.1 Framework Description
The Country Selection Framework is a quantitative method to identify and evaluate key country
characteristics to determine a country's attractiveness for future investments. The characteristics
considered in the evaluation are divided into three categories: Costs, Business Conditions & Risk
and Workforce. A weighting is applied to the metric in order to allow the more significant
factors to be considered more carefully and is based on the business needs of a company. Table 1
illustrates some of the characteristics that a company may consider when evaluating a country.
The table was compiled using different sources including internal Honeywell information and
various external texts such as "The Economist".
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Table 1: Country Selection Framework Metric Examples
Costs
Business Conditions & Risk
Workfore
Cost of Labor and Management
Wage Growth and Inflation
Tax Impact
Cost of Infrastructure (utilities, IT, building)
Government Incentives
Exchange Rates
Cost of Logistics d y to geographical Location
Econoi and Political Risk
Environ rretal Restrictions
Foreign Direct Investment Confidence
Receptiveness to Foreign Direct Investment by local and state governments
Intelecual Property Protection
Real Estate Availability
Future GDP Growth
Infrastructure Availability and Reliability (telecom, power, transportation)
Education Level of Workfo~rce
Outsourcing Experience
Language Barriers and Literacy Rates
Turnover Rates
Productivity and Work Ethic
Available Labor Market
Before the framework can be used, however, countries must first be selected for comparison.
This can be done in several ways and depends greatly on a company's business strategy. For
example, a company may choose potential countries based on their labor costs, location or
manufacturing capabilities.
Once the countries and appropriate metrics and weightings are chosen, a scale is applied to each
metric. The scale is from 1 to 10 with 10 representing the best country. The scale is used to
compare the countries within the study against one another. There is no comparison to a baseline
"ideal" characteristic.
20
C ategory Country Characteristics
After a score is applied to each country and metric, the score is multiplied by the corresponding
weight for that metric. The total for each country is then summed and the result is a quantitative
value for each country which allows a company to rank and compare the countries in the
evaluation on the basis of costs, business risks and workforce.
A cautionary note when using this tool is regarding the risk of sums. This means that a country
may not meet a minimum standard for an important factor, but could still get the highest score.
To avoid this, a company should select countries that are above an acceptable threshold for all
metrics selected for the evaluation.
3.2 Honeywell ACS Economic and Political Study using the CSF
Some of the questions surrounding the Honeywell ACS manufacturing strategy are regarding
factory location. Therefore, the purpose of this country evaluation is to take an in-depth look at
emerging regions for potential future ACS manufacturing opportunities.
3.2.1 Setting up the Framework for Honeywell ACS
Using the framework, the first step is to determine the countries to be evaluated. In the case of
Honeywell ACS, 16 countries in the emerging regions of Latin America, Eastern Europe and
Asia Pacific are evaluated. The countries in each region were initially selected on the basis of
production growth and future investment potential. The countries included in the evaluation are
Mexico, Brazil, Argentina, Venezuela, Costa Rica, Czech Republic, Hungary, Poland, Romania,
Russia, Bulgaria, Ukraine, China, India, Malaysia and Thailand.
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Once the countries are selected, the next step is to determine the appropriate country
characteristics and associated weightings for each category of costs, business risk and workforce.
In the case of Honeywell, the metrics and weightings were determined by a panel of executives.
Table 2 outlines the metrics and weightings that were chosen based on the needs of Honeywell
ACS manufacturing
Table 2: Honeywell ACS Country Selection Framework Metrics and Weighting
(* indicates a qualitative metric)
Cate; oryCauntry Chrteristics
Costs (42%) 20% * Cost of Labor
5% 0 Labor Wage Growth
5% * Corporate Tax Rate
2% 0 Exchange Rates
6% 0 Government Incentives*
4% 0 Geographic Proximity to Customers
Business Conditions & Risk (38%) 15% 0 Risk (ecomnmic, political)*
15% * Transport/feecom Infrastructure*
6% 0 Intellectual Property (IP) Protection*
2% * Future GDP Growth
Workforce (20%) 10% * Education Level of Warkforce*
10% * Available Labor Market
Now that the countries, metrics and weightings have been selected, each country must be scored
against each metric. For quantitative metrics, the scoring is simply a ranking. For qualitative
metrics, the scoring is highly subjective and can be skewed by a company's perception of a
country. The scores are given based on the comparison of only the countries in the study and not
scored against a reference point.
In the case of Honeywell, the scoring is a result of my perception of the qualitative factors by
country. In the future, a more effective way to assign the scores would be via a team with
members across several areas to gain a broad perspective. Table 3 shows the scoring for each
22
country in the Honeywell ACS evaluation. The statistics used as the basis of this scoring are in
Appendix A.
Table 3: Honeywell ACS Country Scores by Metric
(Score: 1 to 10, with 10 the highest)
5 4 7 4 8 2 1 2 10 9 10 10 10 10 6 9
7 8 6 10 6 4 4 5 4 3 5 1 1 6 7 7
4 4 3 4 3 5 10 7 8 8 8 5 4 1 6 5
10 6 7 6 10 8 4 7 4 9 2 5 6 2 6 3
6 4 2 7 7 10 8 8 3 2 6 4 6 7 5 7
Z 10 6 4 8 8 10 10 10 9 8 9 9 4 5 1 3
10 7 1 4 9 10 10 9 6 3 4 2 8 7 9 6
10 7 3 4 9 9 8 6 3 5 6 4 6 4 8 7
7 6 4 4 7 8 8 8 7 2 8 5 4 8 6 6
2 1 5 $ 3 3 2 4 5 3 5 6 10 & 4 4
64 3 2 7 10 9 9 5 7 8 4 8 6 7 5
7 6 8 9 7 9 7 8 6 5 5 6
3.2.2 ACS Economic and Political Study Results
Honeywell ACS manufacturing is present in 4 out of the top 6 emerging countries evaluated in
this study, demonstrating the strength of the ACS emerging region strategy . Costa Rica, Mexico
and Czech Republic top the list among the emerging countries evaluated. Looking at the results
by region shows that China is top in Asia Pacific, Czech Republic in Central Europe and Costa
Rica in Latin America. A more in-depth overview of each country in the study is located in
Appendix B.
4 The results presented in this study are subject to several assumptions and estimates used in the CSF. This should be
taken into consideration as the results are being evaluated.
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Figure 3: ACS Economic and Political Study Results by Country
" C0s U Busines-s Environment Workforce
7.47 727 7D7.27
6.99 6.83 6.78 6.63
630 9640 6.29
5.52 548
4.66 4.51
Note: Higher Score is Desired
In Latin America, Costa Rica tops the list in this region above Mexico because of its lower labor
costs and impressive government incentives. Mexico is still the dominant country in this region
offering strong business conditions, economic and political stability, NAFTA and geographical
proximity to the US. Mexico does not have the lowest labor rates in the region, but logistical
advantages may outweigh the labor costs.
Hungary and Czech Republic in Central Europe are strong manufacturing locations currently, but
will face increasing competition from lower labor costs farther east. For future manufacturing
investments, Russia, Bulgaria and Romania may evolve into the new emerging regions of
Eastern Europe. These regions are still undergoing economic and political reform that pose
some increased business risks, but with labor rates 75% less than Central Europe, these regions
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are attractive for future manufacturing relocations. Bulgaria is an attractive investment in the
Eastern Europe emerging region because of its well developed infrastructure, extremely low
labor costs, well educated labor force and limited economic and political uncertainty compared
to the rest of the region.
China is the best choice in the Asia Pacific region due to its business friendly environment, low
labor costs and large, highly skilled workforce. India boasts lower labor costs than China, but
India's IT savvy labor force is likely to focus on more analytical activities in the future causing a
rise in labor costs making China the future choice for manufacturing.
25
4 TOTAL COST MODEL
The purpose of the Total Cost Model (TCM) is to capture all of the relevant costs associated with
a transition project. It was developed in order to understand how some costs may impact a
project. The model has evolved throughout the course of this internship and was created using
three processes.
* First, a "brainstorming" session with finance was held and the costs that were perceived
to be significant during a project became the basis for the model.
* Second, the Honeywell project rationalization methodology as well as lessons learned
from past projects was incorporated into the model.
* Lastly, a meeting with the project stakeholders (primarily Honeywell executives in the
Integrated Supply Chain organization) was used to further develop the model based on
the stakeholder inputs.
4.1 Model Output
The TCM produces an estimate of one-time costs5 and a net present value analysis. The
following values are generated using the model.
" One-time cost estimates of investment and project costs.
" Net present value (NPV) analysis for 5 and 10 years for a "worst case" and "realistic"
scenario.
; One-time costs are the initial costs that are invested in order to implement the project.
26
4.1.1 One-time Cost Estimates
The model produces estimates for two types of one-time costs: investment and project costs. The
investment cost estimate includes costs such as building and equipment investment, severance
pay, disassembly of equipment, environmental costs incurred when vacating the facility and
building lease pay-offs. The project cost estimate includes items such as project team costs,
productivity loss, training costs, employee retention incentives, initial production scrap and
depreciation.
4.1.2 NPV Analysis Scenarios
There are two different NPV scenarios as part of the TCM output: one is a worst case analysis
that assumes the supply chain associated with the sending site6 does not relocate to the receiving
site7 location and the other is a more realistic analysis that assumes that over time the supply
chain relocates near the receiving site. The worst case scenario assumes no local sourcing or
warehousing projects and also excludes the possibility of outsourcing. The realistic scenario
assumes there are material resourcing8 and outsourcing projects and also assumes no increase in
logistics costs from those already incurred at the sending site.
There are also two durations calculated for the NPV analysis: 5 year and 10 year analyses are
performed. These durations were chosen based on the life cycle of Honeywell ACS products.
Ultimately, this duration should be chosen to best fit the needs of a company's business cycle.
6 Sending Site refers to the site that production is being transferred from.
Receiving site refers to the factory that the production is being transferred to.
8 Resourcing refers to changing suppliers from those near the sending location to new suppliers at the new location.
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4.2 Model Assumptions
Since the projects that are evaluated using the TCM are typically in the future and some financial
data is not attainable, certain assumptions must be made. These assumptions are described in
general and also for the specific NPV analysis scenarios.
4.2.1 General Assumptions
* The entire sending site relocates to the receiving site. This is assumed because in 90% of
the projects where the entire factory is relocated, all production is moved to the receiving
site. In the other instances, production is relocated to 2 or 3 different facilities.
* NPV analysis defines one period as a year. This is done for simplicity since all of the data
is collected on an annual basis.
* All one-time costs are incurred in the first period of the analysis, therefore the costs do
not span multiple periods. This is because the exact time throughout the year that capital
is needed can not be determined.
" Headcount is transferred one-to-one between sites. Any change in headcount due to
outsourcing is included in the outsourcing savings, not labor savings. The data needed to
determine if any reduction in resources can be obtained is not available.
* Only 50% of total potential material resource savings are realized at 10% a year for 5
years. Only half of the potential savings is realized because not all projects may be
pursued. The savings is spread over 5 years at 10% a year because of limited resourcing
in the sourcing organization to implement projects.
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" Inventory carrying costs are incurred due to increase lead times for a 3 year period until
improvements in inventory management are realized. This is based on research data from
both internal and external sources.
" An investment cost factor is used to estimate one-time costs such as disassembly and
inventory build in the case where detailed estimates can not be obtained. The investment
factor is determined as an average obtained from past Honeywell projects.
4.2.2 Worst Case NPV Analysis Assumptions
" Supply chain maintains current structure (no local suppliers or warehouse relocations).
This is worst case because additional costs such as logistics are incurred and all potential
savings such as material resourcing and outsourcing are not realized.
" Does not include material resourcing or outsourcing projects.
* Worst case logistic costs are incurred due to distance increase and supply chain structure.
4.2.3 Realistic NPV Analysis Assumptions
* Supply chain relocates over a 3 year period with factory transition to receiving site. The 3
year assumption is based on internal assumptions to Honeywell. This is a more realistic
scenario since cost reduction is the goal and this can be achieved through realizing
savings potential and minimizing cost impacts.
* Includes material resourcing and outsourcing projects.
* Outbound logistics cost increase is incurred for a 3 year period until supply chain
improvements are realized.
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4.3 Cost Components
Cost components refer to the costs that are estimated by the model. These components are
broken into annual, one-time and other costs and are described in detail in Table 4. These cost
components were chosen on the basis of the following inputs:
" Costs currently used by Honeywell to evaluate a project. These include costs such as
labor, severance, building and equipment investment and HSE exit costs.
* Costs deemed to have a potential project impact by Honeywell executives. These include
costs such as logistics and duties, outsourcing, material resourcing and inventory carrying
costs.
Invesiment - udisg
Invesbnent - Eqanwmunt
HSE Exit Casts
Disassembly
SAsset Write-off
Sevemnce
SInvenk"r Build
Lease Exit Cvt
Building Sale
Prvfect cost
Inwestment Cost
Labor
Ltgistics and Duties
InVentM-w Caying Costs
Building Lease
Material Resoveicfg
Outsourcing
Taxes
Iqlation
Wage Gnreth
Table 4: TCM Cost Component Descriptions
Costs for setting up the receiving site buildig for operatios teg. rT, fixtures, floor)
Cost of new equipment purchased for receiving site.
HSE Costs for exiting the sending site building- (eg. ground water contamination)
Cost to disassemble equipment at the sending site.
Write-off of assets at the send" ste that wil not be relocaed to receiving site.
Severance packages for ding site eniployees
Overtime associated with increasing production to nrease iventory for transfer.
Costs incurred with early lease termination at sending site.
Benefits from sale of sending site building
Costs for project team, physical move, productivity loss, training, retentimo and scrap
Total cost of HSE, severance, disassembly, asset write-off, lese exit cost, building imvestment and inventory
Savings in abor between sending and receiving site wludng wage growth.
Cost change for duztance to receiving sie and duties.
Cost change in carrying costs due to lead time changes
Annal cost to lease receiving site buiding.
Savings in material costs due to relocating to suppliers in emergig regons
Savings due to outsourcing of non-core processes from sending site.
Corporate taxes for sending site.
iflation of the US dolar.
Annual percentage increase in wages incurred at receiving site.
4.3.1 Estimating Cost Components using Cost Drivers
Due to the sensitive nature of the financial information that must be gathered to populate the
model, cost drivers are used to determine the incremental cash flows for each cost component.
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These cost drivers are comprised of high level financial data that is easily obtainable at a
company corporate level. These cost drivers are outlined in Table 5.
Table 5: Cost Drivers used to Estimate the TCM Cost Components
Logistics and Duties
Inventory
Building Lease/Buy
Building Fit-out
Environmental, Health & Safety
Severace
Labor
Outsourcing
Material Resourcing
Sale of Building
Ination
Tax Rates
Wage Growth
Mode of transportation, Ton per mile
Safety stock, Lead time
Price per square footage, Country
Price per square footage, Process
Expected value of best/worst/most likely scenario
Country
Headcount, Wage rate, Country
Estimated percentage savings by process
Estimated percentage savings by commodity
Market value of building
Future inflation rates
Sending site country corporate tax rate
Country
4.3.2 Cost Component Calculations
This section outlines how the TCM generates the cost component estimates by using the cost
drivers outlined previously. Each cost component segment below outlines the data needed to
attain an estimate for that cost component along with the equation used and an example of how
to calculate the cost. The equations are examples based on the project work done at Honeywell
and are calculated on an annual basis. A company may need to modify these equations to better
suite their specific needs.
4.3.2.1 Labor
The labor calculation below is used to estimate the cost of all the non-management hourly
employees, both direct and indirect. All data needed for this calculation is dependent on the
country where the sending and receiving sites are located.
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Costs
Sawngs
Other
1. Data needed: Direct Headcount, Indirect Headcount, Direct Sending Site Wage Rate.,
Indirect Sending Site Wage Rate, Direct Receiving Site Wage Rate, Indirect Receiving
Site Wage Rate, Sending Site Hours Worked per Year, Receiving Site Hours Worked per
Year
2. Equation: Calculates the annual labor cost for both sending and receiving site.
Annual Labor Cost = Wage Rate x Headcount x Hours Worked per Year
3. Example: This illustrates how to calculate the annual labor costs for a factory in the US.
Headcount: Direct = 100; Indirect = 35
Wage Rate: Direct = $10.50; Indirect = $14.00
Hours workedper Year: United States = 40 hrs/wk x 48 wks = 1920 hrs
Annual Labor Cost = ((100 x $10.50) + (35 x $14.00)) x 1920 = $2,956,800.00
4.3.2.2 Inventory Carrying Costs
Inventory carrying costs (ICC) are estimated to cover costs including opportunity costs,
warehousing, taxes, insurance and obsolescence. This cost is usually expressed in percentage and
can range from 20-30%.
1. Data needed: Sending Site Average 12 month Inventory Value, Sending Site Lead Time,
Lead Time Increase'0 , Inventory Carrying Cost Percentage"
2. Equation for Average Inventory: Calculates the receiving site average inventory based
on estimated lead time increases incurred by moving to the receiving site location.
Receiving Site Average Inventory =(Sending Site Average Inventory +
,Sending Site Lead Time ) x fSending Site Lead Time + Lead Time Increase
9 All wage rates are converted to US dollars using a pre-determined exchange rate that is set by Honeywell finance.1 Lead Time Increase refers to the estimated lead time increase once products relocate from sending to receiving
site.
" ICC Percentage should not include the cost of capital for this calculation since the cost of capital is included in the
NPV analysis.
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3. Equation for Inventory Carrying Cost: Calculates the inventory carrying cost from the
average inventory.
ICC = Average Inventory x 1CC Percentage
4. Example: Shows how to calculate the inventory carrying costs of a factory.
Sending Site Average Inventory: $1,000,000.00
Sending Site Lead Time: 4 days
Lead Time Increase: 6 days
ICC Percentage: 18%
Receiving Site Average Inventory = ($1,000,000.00 / 2) x (3.162) = $1,581,138.83
Receiving Site ICC = $1,581,138.83 x 0.18 = $284,604.99
5. Equation Derivation: The equation used to calculate the average inventory is derived
using basic inventory models. When evaluating the equations below, assume economic
order quantity, unit cost, T and service level are constant for both sending and receiving
site. The only items varying by site are the safety stock levels that are driven by the
change in lead time.
* Average Inventory [(Economic Order Quantity + 2)+ Safety Stock] x Unit Cost
* Safety Stock Level =o x Service Level x -Lead Time
4.3.2.3 Logistics
Logistics is separated into two different elements: inbound and outbound shipments. In the worst
case analysis this logistic value is calculated assuming that the sending site suppliers are shipping
to the receiving site.
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1. Data needed: Sending Site Number of Full Truck Load per Week Inbound, Sending Site
Number of Full Truck Load per Week Outbound, Sending Site Cost per Truck, Receiving
Site Cost per Truck
2. Equation: Estimate of the increase in costs for either inbound or outbound logistics.
Logistics = Number of Full Truckloads per Week x Weeks per Year x Cost per Truck
3. Example: Calculate the sending site total (inbound and outbound) logistics costs.
Sending Site Number of Full Truckloads per Week Inbound: 10 trucks
Sending Site Number of Full Truckloads per Week Outbound: 12.5 trucks
Sending Site Cost per Truck: $300.00
Sending Site Logistics Cost: ((10 + 12.5) x 52 weeks) x $300.00 = $351,000.00
4.3.2.4 Building Lease/Buy and Building Fit-out
In the model, the project can be a lease or buy scenario. The building fit-out will vary depending
on the type of process being relocated, but can be estimated at a high level.
1. Data needed: Lease Price per Year of an Existing Building in Receiving Site Location or
Purchase Price of Existing Building in Receiving Site Location, Cost to Fit-out Existing
Building in Receiving Site Location, Existing Building Square Footage, Receiving Site
Square Footage
2. Equationfor a Lease: The lease estimate is based on data from an existing building lease
at the receiving site location.
Receiving Site Lease = (Price per Year of Existing Building in Receiving Site
Location + Existing Building Square Footage) x Receiving Site Square Footage
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3. Equation for Buy and Fit-out: The buy estimate and building fit-out can be calculated
using the same method below and also require data from an existing building at the
receiving site location.
Receiving Site BuylFit - out = (Purchase Price of Existing Building in Receiving Site
Location or Cost to Fit - out Existing Building in Receiving Site Location + Existing
Building Square Footage) x Receiving Site Square Footage
4. Example: Calculate the cost to buy a building at the receiving site location.
Purchase Price of Existing Building in Receiving Site: $2,500,000.00
Existing Building Square Footage: 100,000 sqft
Receiving Site Square Footage: 40,000 sqft
Receiving Site Building Purchase: (($2,500,000.00 / 100,000) x 40,000 = $1,000,000.00
4.3.2.5 Health, Safety and Environmental (HSE) Exit Cost
The HSE cost will greatly depend on the processes at the sending site as well as on other factors
such as ground water contamination. The data needed for this calculation should be obtained
from an HSE expert who has evaluated the site.
1. Data needed: HSE Cost Estimate for Worst Case, Best Case and Most Likely Case at the
Sending Site, Probability of Worst, Best and Most Likely Case at the Sending Site
2. Equation: Estimate is obtained by calculating the expected value of all three cases.
HSE Sending Site Expected Cost = (Worst Case Cost x Worst Case Probability) + (Best
Case Cost x Best Case Probability + (Most Likely Cost x Most Likely Case Probability)
3. Example: Calculate the HSE expected cost for the sending site.
Cost Estimate: Best Case = $100,000; Worst Case = $350,000; Most Likely = $175,000
Probability: Best Case = 40%; Worst Case = 10%; Most Likely = 50%
HSE Exit Cost: ($100,000 x 0.4) + ($350,000 x 0.1) + ($175,000 x 0.5)= $162,500.00
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4.3.2.6 Severance
The severance pay varies depending on the country where the sending site is located. The
equations below propose some calculations that may be used for some countries, but ultimately it
depends greatly on the government requirements. For a high level estimate, the general Europe
and North America equations can be used.
1. Data needed: Direct Headcount, Indirect Headcount, Hours Worked per Week, Average
Years of Service12
2. Equation: Depending on the country use the appropriate calculation below.
Canada = (Direct Headcount x 26 weeks x Hours Worked per Week x Direct Wage Rate)
+ (Indirect Headcount x 52 weeks x Hours Worked per Week x Indirect Wage Rate)
Germany [ {(Hours per Week x 2.6 x Average Years of Service x Wage Rate) + $3, 000
for Spouse + $1,400 per Child + $25,000 for Government Requirements} x Headcount
United Kingdom = (3 weeks x Hours per Week x Average Years of Service x Wage Rate)
x Headcount
Europe = Headcount x 52 weeks x Hours Worked per Week x Wage Rate
United States = Headcount x 26 weeks x Hours Worked per Week x Wage Rate
3. Example: Calculate the severance pay for a sending site facility in the United States.
Headcount: Direct = 100; Indirect = 35
Wage Rate: Direct = $10.50; Indirect = $14.00
Hours workedper Week: United States = 40 hrs
US Severance: ((100 x $10.50) + (35 x $14.00)) x 26 wks x 40 hrs/week = $1,601,600.00
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1 Value may not be needed in all cases.
4.3.2.7 Material Resourcing
Material resourcing depends on the commodity and the region where the supplier is located.
Table 6 shows some examples of potential savings by commodity and region. A table similar to
this should be generated by the commodity managers of a company before this calculation can be
performed.
1. Data needed: Annual Sending Site Spend on Material by Commodity, Estimated
Percentage Savings by Commodity and Region
2. Equation: The receiving site material costs can be estimated with the following equation.
Receiving Site Annual Material Costs =Sending Site Annual Commodity Spend x(1 - Percentage Commodity Savings)
3. Example: Calculate the receiving site material cost of cables and motors using the data in
Table 6 for a project that is relocating from the US to China.
Sending Site Annual Spend by Commodity: Cables = $20,000; Motors = $125,000
Percentage Savings by Commodity: Cables = 10%; Motors = 8%
Receiving Site Material Costs = ($20,000 x (1-. 1)) + ($125,000 x (1-.08) = $133,000.00
Table 6: Percentage Savings Estimate by Commodity for Material Resourcing
IIWO
U
Cables 10% 15% 10%
Castings/Forgings 10% 15% 10%
Connectors 0% 10% 8%
Motors 5% 3% 8%
PCB 8% 10% 10%
Plastic Moldings 15% 8% 8%
Stamping/Punched Parts 15% 10% 10%
Turned Parts 10% 10% 10%
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4.3.2.8 Outsourcing
Outsourcing savings depend on the process being outsourced and the region where the outsource
manufacturing occurs. Table 7 shows some examples of an estimated percentage saving by
process and region. A similar table should be generated for a company through a detailed study
of its processes.
1. Data needed: Sending Site Annual Conversion Cost' 3 by Process, Estimated Percentage
Savings by Process and Region
2. Equation: Outsourcing savings estimate can be generated using the following equation.
Outsourcing Savings = X Conversion Cost by Process x Percentage Process Savings
3. Example: Calculate the outsourcing savings generated by moving the die-casting and
stamping from the US to Mexico using the data from Table 7.
Sending Site Conversion Cost: Die-casting = $1,800,000; Stamping = $2,100,000
Percentage Savings by Process: Die-casting = 15%; Stamping = 17%
Outsourcing Savings = ($1,800,000 x 0.15) + ($2,100,000 x 0.17) = $627,000.00
Table 7: Percentage Savings Estimate by Process for Outsourcing
Diecasting 15% 1i%
Coil Winding 5 % 5%
Glass forming 5% i%
Machining 1i% 25%
Painting 10% 10%
Plastic Molding 10%%
Sheet Metal Forming 12% 12%
Stamping 12% 17%
Welding 10% 10%
13 Conversion cost only contains the direct labor and overhead costs for the process, material is not included.
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4.4 TCM Cost Calculation and NPV Analysis Example
In order, to demonstrate how the model calculates the cost estimates and performs the NPV
analysis, the following example has been constructed using the data from the cost component
sample calculations in the previous section.
4.4.1 Gathering Financial Information
In order to illustrate the TCM, a fictional example is created to convey the concepts in the model.
For this example, a facility is relocating from the United States to China. The sending site facility
contains some non-core processes that the company would like to outsource to Mexico. The
following data in Table 8 has been collected for both the sending and receiving site in order to
perform an analysis. The data in the other category will be discussed in the following section
where the cash flow analysis is performed.
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Table 8: Data Obtained for Example NPV Analysis
eData Needed eReceiing Site
Direct Headcount 100 100
Indirect Headcount 35 35
Labor and Direct Wage Rate $10.50 $0.90
Severance Indirect Wage Rate $14.00 $2.10
Hours Worked Per Year 1920 1920
Hourse Worked Per Week 40 40
I N $1,000,000.00 -Average Inventory
Lead Time
ICC Percentage
Inbound Truckloads per Week
Outbound Truckloads per Week
Cost per Truck
Purdiase Price Existing Building
Fit-out Cost in Existing Building
Existing Building Square Footage
Square Footage
HSE Best Case Cost
HSE Worst Case Cost
HSE Most Likely Case Cost
HSE Best Case Probability
HSE Worst Case Probability
HSE Most Likely Case Probability
Commodity Spend - Motors
Commodity Spend - Cables
Commodity Savings - Motors
Commodity Savings - Cables
Conversion Costs - Die-casting
Conversion Costs - Stamping
Outsourcing Savings - Die-casting
Outsourcing Savings - Stamping
Project Cost
Wage Growth
Corporate Tax Rate
Inflation
Discount Rate
Investment Cost Factor
10
18%
10
12.5
$700.00
40,000
10%
8%
15%*
$5,940,000.00
15.3%
33%
0.4%
30%
* These are savings for outsourcing in Mexico
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18%
10
12.5
$300.00
$2,500,000.00
$800,000.00
100,000
40,000
$100,000.00
$350,000.00
$175,000.00
40%
10%
50%
$125,000.00
$20,000.00
$1,800,000.00
$2,100,000.00
$3,960,000.00
0.8%
38%
1.3%
12.0%
4.4.2 Calculating Incremental Cash Flows
The NPV analysis is based on incremental cash flows that represent the increase or decrease in
cash from the current baseline costs of the sending site facility. The following calculations are
performed to obtain the annual incremental costs or savings for each cost component in the
model.
* Labor
Sending Site Labor Cost= ((100 x $10.50) + (35 x $14.00)) x 1920= $2,956,800.00
Receiving Site Labor Cost = ((100 x $0.90) + (35 x $2.10)) x 1920 = $313,920.00
Annual Labor Savings = $2,956,800.00 - $313,920.00 = $2,642,880.00
" Inventory Carrying Costs
Sending Site ICC = $1,000,000.00 x 0.18 = $180,000.00
Receiving Site Average Inventory = ($1,000,000.00 / 2) x (3.162) = $1,581,138.83
Receiving Site ICC = $1,581,138.83 x 0.18 = $284,604.99
Annual ICC Cost = $180,000.00 - $284,604.99 = -$104,604.99
* Logistics Costs
Sending Site Logistics Cost: ((10 + 12.5) x 52 weeks) x $300.00 = $351,000.00
Receiving Site Logistics Cost: ((10 + 12.5) x 52 weeks) x $700.00 = $819,000.00
Annual Logistics Cost = $351,000.00 - $819,000.00 = -$468,000.00
* Building Costs
Receiving Site Building Purchase: (($2,500,000.00 / 100,000) x 40,000 = $1,000,000.00
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" Building Fit-out Costs
Receiving Site Building Fit-out: (($800,000.00 / 100,000) x 40,000 = $320,000.00
" HSE Exit Costs
HSE Exit Cost: ($100,000 x 0.4) + ($350,000 x 0.1) + ($175,000 x 0.5) = $162,500.00
" Severance Costs
US Severance: ((100 x $10.50) + (35 x $14.00)) x 26 wks x 40 hrs/week $1,601,600.00
" Material Resource Savings
Sending Site Material Costs = $20,000 + $125,000 = $145,000.00
Receiving Site Material Costs = ($20,000 x (1-. 1)) + ($125,000 x (1-.08) $133,000.00
Annual Material Savings = $145,000.00 - $133,000.00 = $12,000.00
" Outsourcing Savings
Outsourcing Savings = ($1,800,000 x 0.15) + ($2,100,000 x 0.17)= $627,000.00
4.4.2 Performing the Cash Flow Analysis
Now that the annual incremental cash flows have been determined for each cost component in
the example, a cash flow analysis can be performed. The cash flow analysis incorporates the
"other" costs in the model which include inflation, wage growth and corporate taxes. The cash
flows are expressed in nominal terms meaning they have been adjusted for inflation. Therefore,
the discount rate is also expressed in nominal terms. Wage growth is applied to the labor rates in
real terms. The corporate tax rate of the sending site location is applied after the total cash flow
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for each year is determined. With all of the "other" costs included, an NPV analysis is
performed. Figure 4 shows the cash flow analysis that is produced by the TCM.
Figure 4: Example of Cash Flow Analysis
United States
China
10000
100
15.30.
8% Suy, Lease or Exist Buy
lude Building Sale No
Considerations 1 3 4 5 6 7
Labor 2.64 3.09 3.61 4.21 4.90 5.70 6.62 7.68 8.90 10.31
Logistics (0.47) (0.47) (0.4,) (0.49) (0.49) (0.50) (0.1 (0.31) (0.52) (0.53)
Logistics after Resource (0A7) (0.2t) (0.27) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Inventory Carrying Costs (0.09) (0.0)J (0.10) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PPE - Building Lease/Buy (1.00) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PPE - Building Fit-out (0.32) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Material Resource 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Outsourcing 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63
Project Cost (0.99) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Other Costs (1.27) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Exit Cost - HSE (0.18) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Exit Cost - Severance (1.60) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Exit Cost - Building 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Supply Chain Intact Cash Flow (3.28) 2.32 3.04 3.72 4.41 5.20 6.11 7.17 8.38 9.79
Supply Chain Intact Cash Flow (inc tax) (3.28) 1.57 1.88 2.31 2.73 3.22 3.79 4.44 5.20 6.07
Discounted Cash Flow (3.28) 1.40 1.50 1.64 1.74 1.83 1.92 2.01 2.10 2.19
Supply Chain Move Cash Flow (2.65) 336 3.88 4.84 5.53 6.33 7.25 8.31 9.53 10.94
Supply Chain Move Cash Flow (inc tax) (2.6i) 2.09 2.41 3.00 3.43 3.93 4.50 5.15 5.91 6.79
Discounted Cash Flow (2.63) 1.86 1.92 2.14 2.18 2.23 2.28 2.33 2.39 2.4i
Item Worst Case Rkalisfic
Total One-time Costs (4.37)
Investment Costs (3.38)
5 Year NPV 2.68 4.86
10 Year NPX 11.65 15.28
4.4.3 Interpreting the TCM Results
The Total Cost Model summary is shown at the bottom of Figure 5. From this we find the
following results:
. Total One Time Cost = $4.37 million
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" Investment Costs = $3.38 million
" Worst Case NPV Scenario: 5 year = $2.68 million; 10 year= $11.65 million
* Realistic Case NPV Scenario: 5 year = $4.86 million; 10 year = $15.28 million
The NPV analysis for both the worst case and realistic scenarios are positive indicating a good
project. Looking at the difference between the NPV for the worst case scenario and the NPV for
the realistic scenario indicates that there is an opportunity to increase the return on investment
(ROI) by 30%. This can be accomplished by implementing the outsourcing and material sourcing
projects. For Honeywell, the increase in ROI ranged anywhere from 5% to 50% depending on
the extent of outsourcing and resourcing projects available for a particular project. Ultimately,
looking at both scenarios gives a company an idea of the cost impact of their supply chain design
and an understanding of the outsourcing opportunities of a project.
4.5 Model Accuracy
In order to ensure an accurate model, the projects currently underway at Honeywell were used to
compare the investment cost estimates of the model against the actual investment costs of the
projects. The accuracy values are simply a measure of error against the actual project costs
incurred. The calculation used to determine the accuracy is shown below.
Model Accuracy = 1 jPredicted Model Costs - Actual Costs| Actual Costs)Jx 100%
The data shows that the model is 96.3% accurate at predicting the total capital needed to
implement a project. The project costs are less accurate at only 91.4% due to the difficulty of
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predicting these costs which are affected by factors such as worker morale. Figure 5 reports the
model accuracy.
Figure 5: TCM One-time Cost Estimate Accuracy
(Data based on current projects with actual data available from Honeywell)
96.3%
95.4%
91.4%
Investment Costs Project Costs Total One Time Costs
4.6 The Total Cost Model and Manufacturing Strategy - A Honeywell Case Study
The Total Cost Model can provide several results for analysis including estimates of total
savings, project feasibility, percentage change in costs between sending and receiving sites and
supply chain structure cost implications. The results included in this section from Honeywell
ACS were generated using the data from the output of the TCM. All data in this section has been
normalized to protect Honeywell confidential and proprietary information.
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4.6.1 Honeywell ACS Project Costing Methodology
The current ACS project costing methodology is to create a financial workbook for a transition
project that determines the project's ROI. In order to enhance the data in the workbooks, costs
such as logistics, inventory carrying costs, material resourcing and outsourcing were added to the
model. Components that are part of the workbook but excluded from the model include estimates
for disassembly, asset write-off, lease exit costs, inventory build and equipment investment.
These costs are excluded because of the level of detail required to obtain accurate estimates. In
order to account for these costs, the model assumes an investment factor based on estimates from
current projects.
4.6.2 Percentage Change in Costs
Costs can change greatly from sending to receiving site in certain cost categories. Figure 6 shows
the range of percentage change by cost category. The key conclusions from this analysis are the
following:
" Logistics costs at the receiving site nearly double on average, and in some cases triple.
" Labor is the largest savings potential on average at 72.5% decrease in costs from sending
to receiving site.
* Opportunities for outsourcing and local material sourcing generate an additional 19%
reduction in costs.
Some other items to consider when evaluating the percentage change in costs shown in Figure 6
are the following:
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" In the case of logistics and inventory carrying costs where the costs can either increase or
decrease, this is driven by the location of the sending and receiving sites relative to its
customers. For example, a 93% savings in logistics was achieved by relocating a facility
that had 85% of its customers in the United States, from Europe to the United States.
" Inventory carrying costs are driven by customer lead times, therefore the maximum
savings is achieved when lead times are reduced significantly. However, the cost in
inventory carrying costs is minimal in the overall costs incurred by the facility.
" Although logistics has the largest percentage range, in the majority of projects, it has the
smallest financial impact. This is because logistics is typically a small percentage of the
overall costs incurred by the site.
" Material costs contain the largest opportunity for financial savings. The percentage
reduction may be only 8.3%, but this can amount to over $10 million in savings.
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Figure 6: Range of Percentage Change in Costs by Category
(All sites from total cost model are included, includes 2003 aggressive manufacturing footprint)
| 233.3* r
Costs
96.20
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-- 72.4%
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Labor Logistics
Savings
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inventory
Carrying Costs
Building
Investment
Materials Outsourcing
4.6.3 Transition Project Savings on Average
On average when a factory is relocated to an emerging region, ACS can expect a 21.6%
reduction in the costs incurred at the sending site, with the majority of the savings coming from
lower labor rates. If outsourcing is included in the project, ACS can expect a 26.9% reduction in
costs. Figure 7 shows a cost comparison between the sending and receiving site.
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Figure 7: Cost Comparison at Sending and Receiving Site
(Sites included are current andfuture projects with all data available)
Sending Site = 100 Labor E Materials U Inventory 2 Logistics Building
2.7
Receiving Site = 78.4
2.2
Receiving Site
Outsourcing = 73.1
2.1
Receiving Site with Outsourcing
4.6.4 Investment Costs on Average
The average investment costs can increase ten fold from a small factory with 100 headcount to a
large factory with 300 or greater headcount. Figure 8 shows the average cost and range expected
by project size. These investment costs vary by headcount due to factors such as severance and
production incentives.
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Note: Data is normalized to Sending Site
Figure 8: Total Investment Costs by Project Size
(Data is normalized to protect proprietary information)
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4.6.5 Supply Chain Structure Cost Implications
Logistics, lead times, inventory and material resourcing can create cost implications if the supply
chain is not relocated to the receiving site. Figure 9 illustrates that Honeywell ACS can either
gain a 3.5% overall savings (18% incremental)14 by relocating the supply chain to the receiving
site or incur a 4% overall increase (14% incremental) in logistics costs by leaving the supply
chain at the sending site.
"4 Overall savings refers to the savings divided by the total supply chain cost and incremental savings refers to the
savings divided by the total savings.
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Figure 9: Supply Chain Impact on Materials and Logistics Costs and Inventory
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4.6.6 Current Transition Project Results
The 10 current projects evaluated highlighted Project 9 for further investigation due to a negative
10 year NPV (see Table 9 for analysis). Based on a review of the model analysis, Project 9 is
negative because the initial investment outweighs the annual labor savings. The difference
between the workbook and the model is due to inventory carrying costs and wage growth
components included in the model (Hungary 2004 estimated wage growth is 8%). It was
recommended that Honeywell do an in-depth comparison between the financial workbook and
the model to flush out any differences in order to understand if there is a real impact to Project 9.
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The analysis also highlights Project 7 because of its negative worst case NPV, but positive
realistic NPV. The difference is attributed to logistics costs that double due to the shipment of
finished goods back to the sending site before reaching customers. The recommendation for
Project 7 is to evaluate a logistics strategy that will reduce costs by bypassing the need to ship
products back to the sending site before the products reach customers.
Table 9: Honeywell ACS Manufacturing Footprint - Current Projects
1 Mexico (0.28) 0.12 (0.26) 0.17 10./4) (0.4.5)
2 Mexico 0.33 0.78 0.60 1.15 (0.43) (0.18)
3 Mexico 0.12 0.23 0.12 0.23 (0.()9) (0.02)
4 Mexico 0.27 0.68 0.28 0.70 (0.46) (0.12)
5 Mexico 0.02 0.08 0.03 0.10 (0.08) (0.02)
6 Mexico 0.55 0.98 0.57 1.01 (0.61) (0.31)
7 Eastem Europe (0.10) (0.08) 0.02 0.12 (0.13) (0.3)
8 Outsource (0.03 0.02 (0.w1) 0.04 (0.11) (0.01)
9 Eastem Europe (0.08) (0.04) (0.07) (0.03) (0.16) (0.(6)
10 Asia Pacific 0.19 0.28 0.19 0.29 (0.06) (0.04)
1.00 3.04 1.47 3.77 (2.87) (1.32)
Yote: Data is normalized to protect confidential information
4.6.7 Future Transition Project Results
As part of this project, several scenarios of future projects were evaluated. Table 10 shows one of
these scenarios. Of these, Project 18 is the only project with a negative NPV for the realistic
scenario. Project 18 assumes the same logistics costs as Project 7, therefore logistics is driving
the negative NPV.
Projects flagging the worst case scenario, but not the realistic scenario are Projects 16, 20 and 21.
These projects are affected by the supply chain structure (logistics, material resourcing and
inventory) and outsourcing opportunities. In the case of Project 16 and 21, logistics costs
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increase greatly and material resourcing and outsourcing are potential high value savings
opportunities. These factors enable these projects to be successful. Other projects reveal similar
supply chain opportunities. These include Project 11, 12, 13, 19, 24, 25, 26 and 27.
Table 10: Honeywell ACS Manufacturing Footprint - Future Projects
The overall recommendation regarding these future projects is to ensure that outsourcing and
material resourcing projects are fully defined and implemented in tandem with the factory
transition in order to ensure the feasibility of the projects, as well as capture all possible savings.
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11 Mexico (0.02) ((.1)) (0.06) (0.17) U.11 U.U4
12 Mexico 0.04 (0.01) (0.01) (0.11) 0.13 0.02
13 Mexico (0.01) (0.03) (0.05) (0.09) 0.01 0.01
14 Outsource (0.00) (0.07) (0.01) (0.08) 0.08 0.06
15 Mexico (0.00) (0.09) (0.01) (0.11) 0.16 0.09
16 Eastem Europe 0.33 0.10 0.14 (0.21) 0.72 0.26
17 Mexico (0. 15) (0.33) (0.16) (0.33) 0.13 0.08
18 Eastem Europe 0.11 0.14 0.06 0.05 0.04 0.06
19 Eastem Europe 0.03 (0.00) 0.02 (0.02) 0.08 0.06
20 Asia Pacific 0.04 0.02 0.01 (0.03) 0.06 0.03
21 Eastem Europe 0.29 0.15 0.11 (0.16) 033 0.12
22 Mexico 0.03 (0.05) 0.01 (0.()8) 0.18 0.09
23 Mexico (0.01) (0.(6) (0.01) (0.06) 0.09 0.06
24 Mexico 0.08 (0.43) (0.49) (1.31) 0.94 0.26
25 Eastem Europe (0.10) (0.30) (0.18) (0.42) 0.25 0.12
26 Eastem Europe 0.17 (0.02) 0.10 (0.14) 0.41 0.18
27 Eastem Europe 0.17 (0.03) 0.08 (0.18) 0.59 0.09
1.N (1. 12) (0.43) (3.46) 4.53 1.61
Note Data ir irmalized to protect cin'idtial inkfrmation
5 IMPLEMENTATION PLAN PROCESS
The Implementation Plan Process (IPP) is a capital rationing model that uses linear programming
to maximize the cost-to-benefit ratio for each year of the manufacturing strategy subject to
capital constraints. The goal is to recommend long range year-by-year implementation scenarios
for instances where multiple projects are evaluated and limited resources exist.
5.1 Capital Rationing Model
This model uses the NPV and investment costs from the TCM to produce yearly project
implementation recommendations. This form of capital rationing model is a well documented
program called the "Knapsack" problem. The "Knapsack" problem is a simple integer program
with only one constraint and all non-negative constraint and objective coefficients. The idea is
that there are a number of items, each with a size and value, and the objective is to maximize the
total value of the items in the knapsack. In order to illustrate the linear programming the
following objective function, decision variables and constraints are outlined.
5.1.1 Known Values from the Total Cost Model
Below is a list of the known values that are obtained from the Total Cost Model. These represent
the constants that are used in the capital rationing model. For this example, there are 3 projects
each with an NPV and investment cost estimate. The capital budget is the maximum amount of
investment allowed per period. This example is only for one period of time.
" Project A net present value = ANPV
" Project A investment cost = AINV
" Project B net present value = BNPV
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* Project B investment cost = BINV
" Project C net present value = CNPV
* Project C investment cost = CINV
* Period 1 capital budget= CAP 1
5.1.2 Decision Variables
There is a decision variable for each project in each period. The variables are a value of either 0
or 1, where a value of 1 indicates that the project should be implemented during that period. For
this example, where there are 3 projects and only one period, there are 3 decision variables.
These variables are listed below.
* Project A implement in Period 1 = Al
* Project B implement in Period 1 = BI
" Project C implement in Period 1 = Cl
5.1.3 Constraints
There are two constraints for this example. The first is regarding the capital rationing and defines
that the total investment costs of all the projects in that period can not exceed the capital budget
for that period. The second constraint ensures a positive, integer value of either 0 or 1. An
equation of each constraint is described below.
* Can not exceed the maximum yearly capital budget.
CAP I>(AINV x AI)+(BINV x BJ)+(CINV x CJ)
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* The decision variables are integer values of either zero or one.
A 1,B1, C > 0
AJ,BJ,CJ < I
A1,B1,C1 = integer
5.1.4 Objective Function
The goal of the objective function is to maximize the net present value of all of the projects,
therefore the sum of the products of the project NPV value and the decision variable for that
period are maximized. This model can be set up using Excel Solver.
Maximize Net Present Value = (ANPV x Al) + (BNPV x BJ) + (CNPV x Cl)
5.1.5 Solving for Multiple Periods
Solving for multiple periods is more difficult when considering this type of capital rationing
model. In order to solve for this scenario, in the case of Honeywell, several runs of the linear
program were done. In order to select projects for the first period, all projects are included in the
program for the first run. To solve for the second period, the projects that are chosen from the
first period are removed and the program is run a second time. This process is followed for each
period.
5.2 Caution when using the Implementation Plan Process
The results of this process should be looked at with two cautions in mind. First, is that the output
of the capital rationing model is only as good as the input data. Secondly, the model is subject to
tight constraints, meaning, for example, that if the capital constraint is $10 million and there is a
project that will greatly improve your NPV, but will place your investment costs at $10.1
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million, the company will miss an opportunity if it adheres to these strict constraints. An
approach to help address this issue is to vary the amount of the budgeted investment cost and
evaluate how the objective function varies. For these reasons the output of the Implementation
Plan Process should be used as a baseline only for the development of a year-by-year
implementation plan.
5.3 Implementation Plan Process in Action at Honeywell
When the Implementation Plan Process is applied in the case of Honeywell ACS's
manufacturing rationalization plan, it produces different scenarios depending on the projects that
are input into the program. Figure 10 shows one of the alternatives and Figure 11 shows the
difference in the yearly NPV and capital spending between the current and alternative plans.
Figure 10: Honeywell ACS Manufacturing Alternative Plan
Future Factory Relocatis C R Alternative
Project 15 2005 2005
Project 16 2005 2006
Project 17 2006 2005
Project 18 2006
Project 19 2006 2005
Project 20 2006 2005
Project 21 2007 2007
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Figure 11: Current vs. Alternative 10 Year NPV and Investment Costs
(This data is normalized to protect confidential information)
Project Costs Cmnvent Estimate Project Costs AlternativeU -NPV Current Estimate -- NPVAlternative
-HH-
2005 2006 2007
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6 CONCLUSIONS
In today's world, companies encounter great challenges when designing their supply chain;
challenges that are driven by the complexity of globalization. The methodology proposed in this
thesis is one method of approaching this growing complexity. It can help a company to ask the
right questions about their supply chain design and verify the strengths or point out the
weaknesses of their manufacturing strategy.
In the case of Honeywell ACS, the Supply Chain Design and Optimization Methodology derived
four main conclusions from the evaluation of the ACS manufacturing strategy.
* Supply chain structure is an important element during a factory transition and has several
cost implications that can impact project feasibility.
" Logistics costs alone can impact the feasibility of a project when the magnitude of the
increase is 2 to 3 times that of the current sending site costs.
" Outsourcing opportunities can greatly impact a project's return on investment. The ACS
outsourcing strategy is a key component to the success of the overall manufacturing
strategy.
* The ACS emerging region strategy is strong with all factories in the optimal country
locations for ACS business needs.
It also confirms the importance of including all relevant costs when financially rationalizing
transition projects. Relevant costs including logistics, inventory carrying costs, material
resourcing and outsourcing. From this project, additional insights have been gathered into the
impact these costs can have on a transition project.
59
" Material resourcing may have a small overall percentage change of 7-10%, but in a
company where the material is a significant percentage of the product costs, this can have
tremendous financial savings potential.
" Outsourcing strategy is another area for large financial gains, in cases of multi-million
dollar conversion costs this can mean big savings for a company.
* Logistics and inventory carrying costs may have a wider range of percentage change
during a transition, but are a small portion of the overall costs of a project and have
minimal impact.
These results at Honeywell show that the methodology can benefit a company by helping to
understand the impact of key initiatives as well as understanding the financial impact of relevant
project costs.
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APPENDIX A: EMERGING REGION STATISTICS
The following two figures support the results from the Honeywell ACS Economic and Political
Study in Chapter 4 of this thesis.
Figure 12: 2003 Estimated Labor Cost by Emerging Region
Labor costs are for production workers and include pay for time worked, other direct pay (eg. holiday pay),
employer expenditures on legally required insurance programs and other labor taxes.
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Note: Add an additional 25-40% to these labor costs for fringe benefits. For Mexico add an additional 90-100%.
Source: EIU Country Data 2003
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Figure 13: Additional Statistics by Country
Sources: EIU Country Commerce, EIU Country Report, EIU Country Profile, KPMG, CIA World Factbook 2003
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APPENDIX B: ECONOMIC AND POLITICAL REVIEW BY COUNTRY
This economic and political review by country is the result of a study that I conducted for
Honeywell ACS as part of my project. This review by country covers the 16 countries evaluated
as potential future investment opportunities for Honeywell ACS manufacturing.
B.1 Latin America
B.1.1 Costa Rica
Costa Rica benefits from a demographic and political environment that is similar to a more
developed country while maintaining low labor costs in synch with the surrounding Central
America emerging regions. Its transport and telecomm infrastructure is the best in the region and
its highly educated workforce boasts some of the most impressive education indicators in Latin
America. Furthermore, Costa Rica offers enticing incentive packages for foreign investors that
include 100% tax exemption for up to 12 years, free trade zones, subsidized training programs
and job creation bonuses of 7-15% a year.
In recent years, manufacturing has grown to account for 24% of Costa Rica's GDP due to high-
tech electronic companies such as Intel, Motorola and Hitachi to name a few. However, this
high-tech manufacturing boom has created a "stop and go" economy that is extremely dependent
on both export commodities and the electronic industry's business cycle. For example, Intel,
which accounts for 15% of total export earnings, is mostly responsible for the 7.3% decline in
GDP from 1999 to 2001.
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B.1.2 Mexico
The past appreciation of the peso has led to higher production costs and a decline in
manufacturing with companies opting for the lower labor cost countries (Mexico can range from
$3-$4 including fringe benefits). However, lower investment inflows and export earnings have
weakened the peso in 2003. Further weakening is expected which will be beneficial for Mexico's
competitiveness in the future. Although Mexico is not the lowest labor cost country in
comparison with other emerging regions in Latin America, Mexico's advantages continue to
include political and economic stability, NAFTA, and geographical proximity to the US. These
factors have led to Mexico as a top choice for manufacturing in Latin America.
B.1.3 Brazil
Brazil suffers from macroeconomic instability and as a result has seen a decline in foreign
investment over the last two years. Economies across this region face uncertainty and civil unrest
with inflation nearly doubling and trade declining. These uncertainties have led to volatile
exchange rates with the currency losing over 60% of its value in 2002. As a result of these fiscal
concerns, incentive programs for foreign investment have become scarce. Brazil's advantages
are its large labor pool and relatively low labor costs.
B.1.4 Argentina and Venezuela
From the country rankings in this study, Argentina and Venezuela rank last due to severe
political uncertainty and civil unrest. These areas are perceived to be in economic crisis with few
new opportunities. Since both countries recently revoked their currency trading band policies,
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exchange rates are extremely volatile. These concerns are evident in that foreign direct
investment fell by 69% in 2002, the third year in a row of decline.
B.2 Central and Eastern Europe
B.2.1 Czech Republic and Hungary
The Czech Republic and Hungary are at the top the list of emerging regions in Eastern Europe.
Though these countries do not offer the lowest labor rates in the region, they do offer economic
stability, good infrastructure, a well-educated workforce and close proximity to Western Europe.
Furthermore, in the Czech Republic, the government readily offers generous economic
incentives to foreign investors. Toyota and Peugeot received over $70 million in incentives to
build a green-field site east of Prague in 2002. Other incentives include 10-year tax holidays,
accelerated write-offs and up to $10,000 per new job in some regions.
EU accession plans for these regions in 2004 will encourage further growth and faster
convergence to Western European standards. However, EU accession will also create faster
appreciation in these countries; therefore wages will climb steadily at a rate of about 10%
nominally per year. In Hungary where productivity growth is higher than the EU and the
government plans to join the EU's exchange-rate mechanism (ERM-2) as early as mid-2004,
faster appreciation may be realized.
B.2.2 Poland
Poland's expected EU accession in 2004 makes it reliable for continued political and economic
stability, but poor infrastructure (the road network has been sited as a handicap to further
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economic development) and non-competitive labor costs compared to Hungary and the Czech
Republic create a less than favorable environment for manufacturing. Confidence in the country
is evident in Poland's FDI inflows, which were behind both Hungary and Czech Republic in
2002.
B.2.3 Russia
Russia is not fully recognized as part of the global economy yet, but it does have promising
future potential. Russia boasts some of the lowest labor costs in the region, only slightly above
China, and also has a largely untapped pool of technical talent. However, these are offset by
Russia's deficiencies in the area of business environment and risk. These include economic and
political uncertainty along with a history of widespread corruption, lack of government
incentives for investors, neglected infrastructure and weak legal system especially regarding
intellectual property.
B.2.4 Bulgaria, Romaine and Ukraine
These emerging regions of Eastern Europe will begin to place increasing competition on the
countries of the Czech Republic, Hungary and Poland in Central Europe. The EU accession of
these Central European regions will over time increase the cost of doing business and companies
will begin looking to move further east to lower labor cost regions.
Bulgaria, Romania and Ukraine are some of the lowest cost emerging countries of Eastern
Europe (lower than China) and have the highest estimated growth rates for 2004 at around 5%.
The labor costs in Bulgaria and Romania are less than half those in Central Europe and Ukraine
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has the lowest labor costs of any emerging region, including China and India. Political stability is
the main concern in these countries where the business environment is considered unfriendly and
corruption is high. Ukraine, for example, has a reputation for violating foreign investment
agreements and failing to enforce investor's rights.
Bulgaria, where education is considered a national asset, benefits from a well-educated
workforce as well as a well-developed infrastructure. Future concerns include the fluctuation in
the exchange rate where sharp increases against the US dollar are expected in the future. Ukraine
suffers from a lack of infrastructure and poor government incentives due to budgetary constraints
and Romania's road and rail infrastructure is the least extensive in Europe and in a state of
disrepair. Also the skill level of workers in Romania is low compared to European standards.
B.3 Asia Pacific
B.3.1 China
One of the fastest growing economies in the world at over 8% annually, China tops the list of
emerging regions in Asia Pacific. More than half of the current emerging market production is
already in China and 77% of all new production growth through 2005 will be in China (see
Figure 4).
China's attractiveness is its large, low-cost labor pool with a labor force of 780 million and labor
rates around 90 cents per hour. Actions by the government to promote a business friendly
environment and acceptance into the World Trade Organization (WTO) have also fueled China's
competitiveness.
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Figure 14: Distribution of Growth in the Emerging World through 2005
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Source: A.T. Kearney
The economy is stable, despite the recent SARS outbreak, and has quickly rebounded from the
disruption and regained its momentum. Controversy remains over China's fixed exchange rate
and undervalued currency. However, government officials are reluctant to revalue the currency
because it would threaten exports, a key component to China's economic growth. A sharp
revaluation is not anticipated, but rather a 3-5% widening of the currency trading band.
B.3.2 India
India boasts some of the cheapest labor rates of all the emerging regions, nearly 17% less than
China and over 80% less than Central Europe. India's skilled labor force is another aspect that
attracts investors. India is known for its IT growth, nearly 45% a year, and in the future is likely
to become the choice for highly analytical activities such as risk modeling and financial analysis.
The drawback is that with this evolution comes rising labor rates; therefore manufacturing is
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expected to migrate to lower cost regions. Manufacturing in India is also unattractive due to the
Industrial Disputes Act of 1947 that states any company with 100 or more workers can not layoff
employees without the permission of the local state government whom seldom approve these
requests. India also suffers from a bureaucratic business environment, low literacy rates, high
corporate tax rates with delays in tax reform and a poor road and rail infrastructure.
B.3.3 Malaysia and Thailand
In the future these Asia Pacific economies will have a difficult time positioning themselves
relative to China, but are still predicted to have the second largest growth in production by 2005
at 12%. Thailand's economic outlook is improving due to recent export growth, but occurrences
such as the bombing in Bali spark uncertainty in the region and impact Thailand's tourism
industry which contributes 7% to the country's GDP. The highly skilled workforce in Thailand is
also in short supply and incentives are lacking in comparison to other regions. Malaysia's
manufacturing sector is growing with 43% of foreign investment in 2002 going towards
manufacturing relocations. The country's attractiveness is further increasing due to substantial
investment in infrastructure, generous investment incentives and focused emphasis on education.
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APPENDIX C: MEXICO VERSUS CHINA
The question asked by Honeywell is "What are the benefits of Mexico versus China?" The
following comparison attempts to help clarify some key advantages and disadvantages of moving
manufacturing from Mexico to China.
China has emerged as a manufacturing competitor to Mexico due to its cheap and abundant
labor. This competition is creating a gradual relocation of manufacturing from Mexico to China
and leaving Mexico to face potential future dis-investment. A comparison of growth rates in
exports to the US between 2000 and 2002 demonstrates that China grew by 11.9%, while
Mexico shrank by -0.4%. Future projections show that China will capture 46% of the total
production growth over the next 3 years compared to Latin America at only 2%.
China's competitive advantage over Mexico stems from its significantly lower compensation
rates for workers, nearly 5 times less than Mexico. Furthermore, China is recently known for its
well-developed supplier base and companies are also attracted to China for its domestic market
potential.
Mexico, once attributed for its low labor rates, does have the advantages of geographical
proximity to the United States and the North America Free Trade Agreement (NAFTA) rules.
Given this, the expectation is that Mexico's manufacturing industry will evolve from being a
low-cost source to a logistical advantage.
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There are 4 key areas to investigate when considering relocating manufacturing sites outside of
Mexico to lower labor cost regions.
* Labor Content - Is there enough manual labor to justify the relocation?
* Logistics - Where are the end-customers located? Freight, duty and inventory costs could
offset the labor savings.
* Suppliers - Are local suppliers available or do they need to be developed or parts
imported? What are the import and qualifications costs?
* Business Strategy - What is the business strategy? Cost or customer responsiveness?
China may reduce costs, but add 6 to 8 weeks of lead-time.
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